Many governments in the developing world face the social and economic consequences of road accidents and mortalities. Hence, more precise evaluation of regional programs to reduce road fatalities has been a concern for many safety professionals. Road safety performance is often measured using various extensions of Data Envelopment Analysis (DEA), in particular the model proposed by Charnes, Cooper and Rhodes (CCR), which deals only with the radial efficiency as the objective function neither taking into account input excesses nor output shortfalls. The Slacks-Based Measure (SBM) of efficiency overcomes this shortcoming by taking both measurements mentioned above simultaneously. In this regard, the current study aims to employ the SBM in analyzing road safety performance. It is noteworthy that the efficiency of each Decision Making Unit (DMU) can be pessimistically measured using the slacks-based measure of inefficiency such that the anti-efficient DMUs provide the anti-efficient frontier. The results obtained from the optimistic and pessimistic frontiers are nonlinearly aggregated by means of the Evidential Reasoning (ER) algorithm. Furthermore, a Double-Frontier SBM-based Malmquist Productivity Index (DF-SBM-MPI) is provided to analyze the efficiency and technological changes in safety performance from 2014 to 2016. For this purpose, the standard SBM and Super-SBM models are used to compute the optimistic Malmquist Productivity Index (MPI); similarly, the pessimistic MPI is determined by means of the inverted SBM and Super-SBM models. Finally, the obtained MPIs from the two different points of view are geometrically combined to obtain the overall MPI.
Introduction
The World Health Organization (WHO) reported that about 1.25 million people annually perish due to road accidents. More often than not, accident victims are from low and middle income countries [1] . In other words, the global contribution of under developed countries to road fatalities is on the rise. Subsequently, road fatalities have recently become a social dilemma in under developed countries. According to the WHO, nearly 18,000 out of 77,447,168 Iranians passed away due to road accidents from 21 March 2013 to 20 March 2014. This means that around 23.2 out of 100,000 people died as a result of road accidents from 2013 to 2014, which is significantly higher than the global average of 17.4 per 100,000 people [1] . As a result of road accidents, Iran lost about six per cent of its gross domestic product [1] .
Road safety performance is usually defined as an indicator for assessing countries, states, or provinces in terms of reducing road safety risks with regard to the existing resources. The number of crashes, fatalities, and injuries are usually considered as the three most common road safety risk indicators. In this regard, data availability is crucial in selecting the input data as well as road safety risk indicators. In addition, the definition of road safety performance will be different depending on the main purpose of road safety programs provided by governments or local authorities. In the current study, the most successful province in terms of road safety performance is a province that experiences a lower number of fatalities due to the less amount of investment.
Data Envelopment Analysis (DEA) method, originally proposed by Charnes, Cooper and Rhodes (CCR) in 1978 [2] , has recently been widely used to assess road safety performance [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Based on the standard DEA, a Decision Making Unit (DMU) is recognized as an efficient DMU which generates either the maximum output levels with the given input levels or the minimum input levels with the given output levels. The CCR-based DEA model [2] uses a scalar measure to compute the efficiency of DMUs.
The main disadvantage of the CCR model is that it does not directly take into account the input excesses or output shortfalls (input/output slacks). Accordingly, an additive model was proposed by Charnes et al. (1985) to contend with this shortcoming; however it also lacks a scalar measure in the range of [0,1] [16] . Subsequently, Tone (2001) developed a Slacks-Based Measure (SBM) of efficiency in order to take into account both scalar measure and inputs/outputs slacks simultaneously [17] . To the best of our knowledge, no studies have assessed road safety efficiency using SBM-based DEA model. Existing studies have optimistically assessed road safety performance using the traditional CCR model. In other words, each DMU is assessed based only on the distance from the efficient frontier, which is composed of all efficient DMUs. In this situation, a DMU closer to the efficient frontier is more efficient than those that are farther away. On the other hand, the anti-efficiency value of each DMU can be pessimistically measured as the distance from the anti-efficient frontier. Consequently, a DMU farther away from the anti-efficient frontier is more efficient than those that are closer. Obviously, the efficiency results obtained using the optimistic and pessimistic perspectives are not the same, more often than not. In this respect, the present study aims to investigate a double-frontier SBM model to achieve a more realistic evaluation of road safety performance. In this regard, a nonlinear method of integration, namely the ER approach, is employed to integrate the two points of view [18, 19] .
In addition, this study is meant to further analyze Iranian road safety performance over a period of time. For this purpose, Malmquist Productivity Index (MPI) is used. Traditionally, MPI values are computed using the optimistic DEA model, but this indicator can be equivalently obtained by utilizing the pessimistic DEA model.
In this regard, a novel double-frontier MPI is proposed for a comprehensive evaluation of road safety performance over a three-year period of time.
The rest of the study is organized as follows: Section 2 reviews the existing studies on road safety evaluation. Section 3 discusses the optimistic and pessimistic SBM models, followed by section 4 that briefly describes the ER approach. Afterwards, the optimistic, pessimistic and integrated MPIs are explained in section 5. Section 6 evaluates Iranian road safety performance not only in each year but also over a period of time by respectively implementing the proposed methods, Double-Frontier SBM aggregated by ER algorithm (DF-SBM-ER) and Double-Frontier SBM-based Malmquist Productivity Index (DF-SBM-MPI). Section 6 respectively implements the proposed methods, DF-SBM-ER and DF-SBM-MPI, in order to practically assess Iranian road safety performance not only during each year but also over a period of time. Conclusions and remarks are finally presented in section 7.
Literature review
This section surveys the studies previously carried out on road safety assessment using DEA models. In 2000, Odeck analyzed the productivity of 67 vehicle inspection stations over a two-year period of time (1989) (1990) (1991) , by utilizing an optimistic CCR-based MPI on the basis of an input-oriented model (Appendix 1) with one input (effective days of work) and four outputs including technical controls, usage controls, licensing and administration [3] . Afterwards, Odeck (2006) evaluated the safety performance of the 19 regional road agencies with the assumption of variable return to scale instead of constant return to scales [4] . Additionally, Odeck (2006) analyzed the productivity change of regional road agencies over a three-year period of time by means of an optimistic MPI based on the model proposed by Banker, Charnes and Cooper (BCC) [20] with only three outputs (technical, usage and safety belt controls), while no inputs were taken into account [4] . Hermans et al. (2008) examined the road safety performance of 27 European countries with respect to road accident fatalities using the CCR-based DEA model along with other four weighting methods. They calculated the road safety index for 21 European countries based on seven outputs (i.e., alcohol and drugs, protective systems, speed, vehicle, infrastructure daytime running lights and trauma care), but without input data. It is also found that the DEA model and road safety rank are highly correlated [5] . Hermans et al. [6] further evaluated the European countries in terms of road safety performance, taking into account the above-mentioned seven inputs and two undesirable outputs (number of crashes and fatalities). They came to the obvious conclusion that the inverted DEA model is more suitable for the available data set than economic issues [6] .
In 2011, Shen et al. assessed the road safety performance of 19 European countries by developing both multiple-layer CCR and BCC models. They hierarchically categorized all inputs, consisting of 13 road user behaviors, into three layers. Similarly, they classified four defined outputs into two layers, namely injuries and crashes [7] . Also, Shen et al. (2012) assessed the road safety performance of 27 European countries with respect to three desirable inputs, inhabitants, passenger-kilometers and passenger cars, and only one undesirable output, fatalities, by developing a maximization programming model, called DEA-based Road Safety model (DEA-RS). The presented DEA-RS is simply obtained by inverting the traditional CCR model to make it more suitable for the defined data set. Although the DEA-RS was formulated as an output-oriented model (Appendix 1.2), it can also be converted to an input-oriented model, by minimizing the weighted sum of the outputs rather than maximizing the weighted sum of the inputs [8] . In 2013, Shen et al. further evaluated the road safety performance of European countries over a ten-year period of time. For this purpose, they developed a DEA-RS based MPI [9] .
In 2013, Egilmez et al. analyzed 50 U.S. states in terms of road safety performance, using an MPI based on the standard input-oriented CCR model with seven inputs (highway safety expenditures, registered vehicles, licenced drivers, vehicle-miles traveled, total road length, overall road condition and safety belt usage) and one output (fatal crashes). They normalized the data set to fit the CCR model. Accordingly, the input data was reduced to five inputs. In addition, the ratio of the total annual time to the fatality rate was introduced as the model's output [10] . Also, in 2015, Shen et al. developed the DEA-RS models with weight restrictions based on either shadow price or a priori knowledge. Then, they employed the proposed models to assess 10 European countries in terms of road safety performance with respect to two outputs, serious injuries and fatalities [11] . All input variables were also defined in the same way as those previously introduced by Shen et al. [8, 9] . Bastos et al. (2015) analyzed the 27 Brazilian states by utilizing a multiple layer DEA method, taking into account two main indicators, namely mortality and fatality rates. They pointed out the obvious fact that the number of fatalities should be used as undesirable output in road safety studies [12] . In this regard, their model was presented based on the inverse of the DEA model provided by Cherchye et al. [21] . Rosic et al. (2017) assessed the 27 Serbian police departments on road safety performance using the DEA and TOPSIS (Technique for Order Preference by Similarity to an Ideal Solution) methods. It is worth noting that they applied the DEA models previously presented by Hermans et al. [5] and Shen et al. [8] as well as the corresponding cross-efficiency methods. The number of fatalities and seriously injured people were also defined as two undesirable outputs [13] .
Behnood et al. evaluated the Iranian road safety performance using a CCR model that is, in fact, an inverted input-oriented CCR model (Appendix 1), which mathematically defines an efficient DMU as a DMU with less output and more input. However, the input variables seem not to be appropriate for the presented model, since all authorities actually prefer to reduce the fatality rate with the least number of defined inputs, i.e. police operation, emergency medical services, etc. They also measured the efficiency of road safety performance based on a data set of 60 DMUs, including 30 DMUs in 2008, and 30 DMUs in 2009. They did not analyze the road safety performance over a period of time, although they utilized two-year data sets [14] .
The literature review reveals that no study has assessed road safety performance using SBM model. In contrast to standard DEA model, SBM assesses road safety performance by considering both input excess and output shortfall. In addition, all previous studies analyzed road safety performance based on the efficient frontier while ignoring the anti-efficient frontier. However, research on double-frontier DEA models has recently been of interest to many researchers [22] [23] [24] . Therefore, the main goal of this study is to bridge this gap by analyzing road safety performance based on a double frontier SBM.
Methods

Slacks-based measure (SBM) approach
This section briefly describes the optimistic and pessimistic SBM model. The optimistic SBM model was proposed by Tone in 2001 [17] . Suppose that there is an evaluation problem consisting of n DMUs with m inputs and s outputs respectively defined by X ¼ x ij ∈R mÂn , and Y ¼ y r j ∈R sÂn . The production possibility set can be defined as follows:
where all data sets are assumed to be positive. The optimistic SBM is mathematically expressed as the following fractional programming model: (Tone, 2001 ).
By multiplying a positive scalar variable q > 0 by the denominator and the numerator of the objective function of the fractional program (2) and making some adjustments, the linear program (3) can be achieved as follows:
Consequently, the optimal solution of (2) is as follow:
Such a condition can be obtained when there is no input excess, s − * = 0 , and output shortfall, s + * = 0 ; otherwise, the DMU is defined as inefficient.
Taking the pessimistic SBM into account, the following production possibility set can be introduced:
The anti-efficiency of each DMU can be mathematically formulated as follows:
The pessimistic SBM model (5) maximizes both the mean expansion rate of inputs, ð1=mÞ 
Subject to 
Evidential Reasoning (ER) algorithm
The ER algorithm was originally introduced by Yang and Singh in 1994 [25] , based on the theory of evidence proposed by Dempster in 1967 [26] and improved by Shafer in 1976 [27] . Suppose that there is a frame of discernment, Θ= { H 1 , . . ., H N }, that contains a set of collectively exhaustive and mutually exclusive propositions. Mass functions (or basic probability assignments) are defined as follows:
mðΦÞ ¼ 0 and
where m(A) represents a belief degree in the interval [0,1], assigned to subset A, and Ф is the empty set. The power set of Θ is expressed by 2 Θ . The ER algorithm aggregates the independent evidence, m 1 and m 2 , based on the Dumpster's rule of combination, as follows: Ganji 
where k is a normalization factor. Note that the Dumpster's rule is not compatible in such a situation with thorough conflict between evidence, P A∩B¼Ф m 1 ðAÞ m 2 ðBÞ ¼ 1 . In addition, many studies also pointed out that the Dumpster's rule of combination may be inappropriate to deal with the problems with conflicting evidence. In other word, in such a situation, the results might be counter-intuitive, irrational and complex [28] [29] [30] .
In this regard, the ER algorithm has been proposed to effectively deal with the aforementioned shortcomings. Many studies were carried out based on the ER algorithm as an appropriate method of aggregation in dealing with certain and uncertain decision making problems [15, 25, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] .
Suppose that we intend to evaluate a decision making problem with n DMUs using G assessment grades as the frame of discernment, Θ = {H 1 , …, H g , …, H G }. It is also assumed that each DMU is assessed according to L pieces of evidence, E = {e 1 , …, e l , …, e L }, and L relative weights, w = (ω 1 , …, ω l , …, ω L ). The mathematical expression of each DMU evaluation based on a certain evidence, e l , is as follows:
where β g,l is a belief degree assigned to H g with respect to evidence e l . Note that the sum of all beliefs is equal to unity, P G g¼1 β g;l ¼ 1 , in the certain environment and is less than unity in the uncertain conditions, P G g¼1 β g;l < 1
. In brief, P G g¼1 β g;l ≤ 1. Accordingly, the mass functions, including the assigned and unassigned probabilities respectively denoted by m g,l and m Θ,l , are calculated by multiplying the belief degree, β g,l , by the relative importance degree, ω l , as follows :
In addition, the unassigned probability mass, m Θ,i , can be derived using Eqs. (12) and (13):
where m Θ;l and m Θ;l represent the relative importance of evidence e l and the ignorance respectively. The ER algorithm aggregates probability masses using Eqs. (14) - (16) as follows: ; g ¼ 1; …:; G;
and the normalization factor, k, is calculated using Eq. (17):
In addition, Yang and Xu proposed the recursive ER algorithm as a novel aggregation process as follows [32] :
The normalization factor, K I(l + 1) , is computed as follows: 
The ultimate assessment distribution can be achieved using Eqs. (22) and (23):
where [42] [43] [44] . Subsequently, the DEA-based MPI was successfully applied in many studies to examine the productivity change regarding each DMU over time [3, 10, 45, 46] . Wang and Lan recently proposed the integrated MPI as a geometric mean of both optimistic and pessimistic MPIs [47] . They pointed out that the double-frontier MPI measures the productivity changes more comprehensively than the traditional MPI, as all information is taken into account. Although most of the carried out studies used the CCR model to construct the MPI; Liu and Wang employed SBM to compute MPI [48] . Therefore, a novel DF-SBM-MPI is proposed to thoroughly analyze the productivity changes, taking into accounts both optimistic and pessimistic points of view simultaneously. In this regard, the pessimistic SBM-based MPI (represented by PMPI) is computed along with the optimistic SBM-based MPI (represented by OMPI); thereafter, the MPIs are geometrically combined to generate DF-SBM-MPI.
The OMPI of each DMU can be achieved as follows:
where ðx It is also noteworthy that the OMPI 0 can be achieved by multiplying the optimistic efficiency change (denoted by OEC) by the optimistic technical change (denoted by OTC), as follows [44] :
OEC 0 > 1 demonstrates an improvement in the efficiency of DMU 0 over time period t to t + 1, whereas OEC 0 < 1 indicates that DMU 0 experienced a diminution in its efficiency. OEC = 1 denotes no efficiency change over time period t to t + 1. Similarly, OTC 0 > 1 indicates that DMU 0 achieved a technical progress over time period t to t + 1, while OTC 0 < 1 shows that DMU 0 experienced a technical regression. OTC 0 = 1 expresses no technical change over time period t to t + 1.
All required efficiency scores are computed using the optimistic and pessimistic SBM models (3) and (6) (25) which can be achieved by multiplication of the pessimistic efficiency and technical changes, respectively called PEC 0 and PTC 0 , as follows:
All pessimistic period measures are presented in Appendix 2.2. As shown in Appendix 3.2, the pessimistic Super-SBM model can also be applied for further assessment of anti-efficient DMUs, with d 0 (•) = 1 [50] . In this regard, the pessimistic period measures,d 0 ð•Þ ≤ 1 , are driven and illustrated in Appendix 4.2. In the situation where d 0 (•) = 1, the correspondingd 0 ð•Þ is used.
Finally, the double-frontier MPI (represented by DFMPI 0 ) for evaluating the DMU 0 can be computed by the geometric mean of OMPI 0 and PMPI 0 as follows:
where DFEC 0 and DFTC 0 indicate the aggregated efficiency and technical changes over a time period. DFMPI 0 > 1 and DFMPI 0 < 1 respectively demonstrate a progress and a regression over time that is more realistic. The productivity of DMU 0 will be unchanged if DFMPI 0 = 1.
Road safety performance
In this section, a three-year evaluation of Iranian road safety performance is practically carried out by means of a new hybrid approach, DF-SBM-ER. In this regard, the efficiencies obtained from the optimistic and pessimistic SBM models are aggregated by the ER algorithm, as a method of combination. Then, the efficiency and technical changes are examined. This case study includes 31 provinces.
The required data are usually selected based on data availability and safety programs defined by government and authorities. For example, Odeck (2000) considered vehicle technical failures as the main cause of road accidents. They defined these indicators mainly based on the Norwegian safety program [3] . Hermans et al. (2008) also utilized seven risk indicators presented in [51] as the input variables [5] . Shen et al. [8, 9] evaluated the road safety of European countries using a set of three input variables provided by the European Commission [52, 53] . Egilmez and McAvoy [10] assessed 50 U.S. states using an online database of Research and Innovative Technology Administration (RITA) Bureau of Transportation Statistics [54] .
The Iran Road Maintenance and Transportation Organization (RMTO) is responsible for the intercity road safety performance. RMTO focuses more on fatality reduction by investing facilities and equipment. All available data are annually published by RMTO [55] [56] [57] . In this regard, six inputs and an output were derived from the Statistical Yearbook published annually by RMTO. Behnood et al. also applied RMTO Statistical Yearbook in order to define inputs and outputs variables [14] .
The computations are based on the available data set for the years 2014-2016 obtained, including six inputs and one output as follows:
Inputs
Police station (PS)
The average number of highway police stations along 100 kilometres of road.
Road maintenance depot (RMD)
The average number of stations along 100 kilometres of road.
Equipment and vehicles (E&V)
The average number of both equipment and vehicles along 100 kilometres of road.
Camera (C)
The average number of both fixed speed and monitoring cameras along 100 kilometres of road. 
Emergency medical service (EMS)
The average number of EMS stations along 100 kilometres of road.
Road with lighting system (RLS)
The average length of road equipped with lighting systems along 100 kilometres of road.
Output 4.2.1 Fatality risk (FR
The inverse of fatality risk, including the number of fatalities per mean rate of hourly traffic.
It is supposed that all police stations are similar in terms of the number of officers and patrols. It is also supposed that all other input variables are the same. The period of 2014-2016 was selected due to data availability for the inputs and the output considered. The descriptive statistics of data are reported in Table 1 . Table 2 reveals that the selected data set for the years 2014-2016 are highly correlated. Tables 3, 4 and 5 depict the efficiency and anti-efficiency degrees measured by implementing the optimistic and pessimistic SBM models (3) and (6) . According to the results reported in column 2 of Table 3 , Fars is optimistically recognized as an efficient province along with Alborz, Ilam, Tehran, Khorasan S, Khuzestan, Qazvin and Hormozgan, and it is ranked 17 th , with an efficiency degree of 0.7460 from the pessimistic point of view, as shown in column 6 of Table 3 . Obviously, the optimistic SBM model usually overestimates the efficiencies of Iranian provinces, since about 25 per cent of provinces are recognized as efficient according to the data set belonging to 2014. Consequently, the efficiency results might be biased. Furthermore, both efficiency and anti-efficiency degrees are important for having a better insight into the situation of each province in terms of road safety performance. For example, although Kermanshah ranks 20 th from both optimistic and pessimistic points of view, the measured efficiency scores are respectively 0.3804 and 0.7134, which may lead to different policies. For this reason, the simultaneous evaluations of road safety performance based on the two perspectives seem to be necessary.
A comprehensive and unique indicator of road safety performance can be obtained by employing the ER algorithm as a method of combination. As presented in [18, 19] . There are also two pieces of evidence, including the pessimistic and optimistic efficiencies. Accordingly, E j = {e j1 , e j2 } can be defined as follows:
Sðe j1 Þ ¼ fðH 1 ; β j;1;1 Þ; ðH 2 ; β j;2;1 Þg; j ¼ 1; …; n ð28Þ
Sðe j2 Þ ¼ fðH 1 ; β j;1;2 Þ; ðH 2 ; β j;2;2 Þg; j ¼ 1; …; n ð29Þ
where S(e j1 ) and S(e j2 ) respectively represent two assessment distributions regarding DMU 0 , taking into account the optimistic and pessimistic perspectives. (β j,1,1 , β j,2,1 ) and (β j,1,2 , β j,2,2 ) respectively denote the belief degrees assigned to the propositions H 1 and H 2 based on the SBM models (3) and (6) . Obviously, β j,1,1 + β j,2,1 = 1 and β j,1,2 + β j,2,2 = 1. Subsequently, the assessment distributions (28) and (29) 
Eventually, the aggregated distributions can be computed using Eqs. (18)- (21) . The final efficiency scores (column 11) and associated ranking results (column 12) for the years 2014-2016 are respectively reported in Tables 3, 4 and 5. Obviously, the discrimination power of DF-SBM-ER is higher than both the optimistic and pessimistic SBM models.
Results and discussion
As graphically shown in Figs. 1, 2 and 3 Table 6 and Fig. 4 . For more discussion on DF-CCR-ER, the interested readers are referred to [15, 19] . As proved, the efficiency and anti-efficiency degrees obtained by SBM are equal or less than those obtained by the CCR model. Compared with CCR, the SBM based models result in higher optimistic and lower pessimistic degrees of efficiency. As a result, some aggregated results achieved by DF-SBM-ER are greater than those obtained by DF-CCR-ER [15] . In such a situation, the aggregated efficiencies are closer to the pessimistic efficiency compared to the optimistic results. Table 7 , twelve provinces optimistically improved their efficiency from 2014 to 2015, as OEC ≥ 1, while only three provinces experienced efficiency progress from the pessimistic point of view, as PEC ≥ 1. Taking into account the optimistic point of view, Kohgiluye-and-Boyer-Ahmad showed the highest efficiency progress, with a growth rate of 83.84% from 2014 to 2015, while Fars experienced the highest efficiency regression, with a decline of 72.93%. On average, the Iranian road safety performance declined in terms of efficiency change from both the optimistic and pessimistic perspectives, with a rate of 11.61% and 37.27% decline respectively, from 2014-2015. Furthermore, among the twenty two provinces with optimistic technical progress, Mazandaran experienced the highest change, with an improvement of 5.58%; meanwhile, Qom pessimistically experienced the highest technical change, with a growth rate of 127.83%. It is noted that on average, the technical efficiency of provinces in terms of road safety performance optimistically declined by 2.43% while pessimistically improved 37.79%. Fig. 5 (a) illustrates that the road safety performance of ten provinces optimistically progressed from 2014 to 2015, as OMPI ≥ 1; additionally, nine provinces pessimistically showed improvement in terms of road safety performance, as PMPI ≥ 1. Generally speaking, the Iranian road safety performance, however, declined by an average rate of about 14% from both the optimistic and pessimistic perspectives. As illustrated in Table 8 and Fig. 5 (b) , no province technically showed any progress in road safety performance from 2015 to 2016, as OMPI ≤ 1 and PMPI ≤ 1. This is mainly because of a significant decrease in average technical change over the period of time from 2015-2016, with 42.05% optimistic decline and a 45.81% pessimistic drop. On average, the efficiency of Iranian provinces optimistically progressed by about 7% from The rather different results can be addressed by computing the integrated OMPI and PMPI. For this purpose, double frontier MPIs are obtained using a geometric integration of OMPIs and PMPIs through Eq. (27) . Table 9 and Fig. 6 provide the achieved double frontier MPIs with associated components, efficiency and technical changes, for all Iranian provinces in terms of road safety performance from 2014-2016. Although technical changes in Iranian provinces optimistically dropped by an average of 2.43% between 2014 and 2015 (Table 7) , the double frontier MPI shows an average rise of about 16%. Table 9 and Fig. 6 , the overall double frontier MPI demonstrates that most Iranian provinces were unproductive in road safety performance from 2014 to 2016. Iranian road safety performance declined by an average of 26.06%, mainly due to technical negative changes (19.39% decrease), over the time period 2014-2016. During the time period 2015-2016, the road safety performance of Iranian provinces dropped by an average rate of 36.68%, mainly due to a significant reduction of about 44% in technical changes, while the average integrated efficiency progressed with a mean rate of around 13%. During the time period 2014-2015, Iranian road safety performance declined by an average of 13.66%, largely owing to a considerable decrease of 25.54% in efficiency changes, while the integrated technical changes improved at a mean rate of about 16%. As shown in Fig. 6 and Table 9 , only three provinces, Ardabil, Zanjan and Kohgiluyeh-and-Boyer-Ahmad, progressed in road safety performance with growth rates of 32.95%, 3.27% and 10.44% respectively. The main reason for their improvement was efficiency enhancement, while they experienced a decline in technology from 2014 to 2016. On the other hand, Tehran experienced the most negative growth in road safety performance during the three-year evaluation (2014-2016) by taking into account the optimistic and pessimistic points of view, with a mean rate of 66.96% decline in MPI; meanwhile, it achieved a negative growth not only in efficiency but also in technology, with mean rates of 60.67% (decrease) and 16% (decrease) respectively. Therefore, it can be concluded that Tehran's negative growth in road safety performance was mainly influenced by negative changes in efficiency, since it is technically recognized as one of the top six provinces. As clearly shown in Tables 3, 4 More precisely, the MPI values alone are not enough to evaluate a province in terms of road safety performance, and a province should also be productive with respect to both technical and efficiency components. 
of the origin is also defined as the point (1,1) , where the vertical and technical axes intersect. Although the optimistic MPIs indicate that ten provinces are productive in road safety performance (Table 7) , Fig. 7 . a displays that six provinces were located in the 1 st quadrant, which means that these provinces optimistically increased their efficiency and technology from 2014-2015. Pessimistically, only two provinces, Ardabil and Kohgiluyeh-and-Boyer-Ahmad, were located in the 1 st quadrant (Fig. 7.b) , and the pessimistic MPI (Table 7) shows that nine provinces are productive. As shown in Fig. 7 .c, the double-frontier assessment also demonstrates that five provinces simultaneously enhanced their productivity on road safety, taking into account both components, from 2014-2015. Briefly, the Iranian provinces were mostly productive in terms of technological advancement, since most provinces were in the 1 st and 2 nd quadrants from 2014-2015.
As shown in Fig. 8 (a) -(c) , unfortunately, no provinces were positioned in the first quadrant, which means that all provinces declined their productivity from 2015-2016. On the other hand, most provinces were in the third quadrant, which means that Iranian provinces were mostly productive in terms of efficiency enhancement in 2015-2016.
Generally speaking, the three-year assessment from 2014 to 2016, as illustrated in Fig. 9 , indicates that most Iranian provinces were located in the 3 th and 4 th quadrants meaning that they are in general unsuccessful in road safety performance in terms of technology advancement; meanwhile, eleven provinces progressed in road safety performance in terms of efficiency improvement.
For more discussion, the input and output slack variables can be further analyzed. For example, the existing data set, slack values and the deviations of input and output variables for Qom province based on the efficient frontier are shown in Tables 10, 11 and 12 respectively. As illustrated, the maximum deviation for Qom province is related to the input variable RLS with a deviation of about 67%. The results also demonstrate that there is no deviation in the input variable of EMS. Similarly, the relative deviation of input and output variables for all Fig. 10 . It has to be noted that an efficient province, in this regard, is a province with fewer investments in road safety and, consequently, fewer fatalities. As shown in Fig. 10 , Iranian provinces experienced a high deviation in road fatalities; i.e. 75% on average. The results also demonstrate that the deviation of road fatality rate has been reduced to some extent from 2014 (around 91%) to 2016 (about 75%). Regarding the input variables, the highest deviation was related to E&V, which indicates an improper distribution of this variable in provinces, with a deviation of around 58% in 2016, 50% in 2015, and 33% in 2014. The second highest deviation regarding the input variables in 2015 and 2016 was related to the variable PS, with a deviation of more than 30%, compared to a deviation of about 21% in 2014, which ranked 3 rd . Furthermore, the lowest deviation in 2016 was related to variable C, with a deviation of about 11%, compared to a deviation of more than 16% in 2014 and 24% in 2015. This result shows the improved distribution of cameras in 2016. Apart from fatality risk and cameras, the deviation of other variables from ideal situation has increased in 2016 compared to the years 2014 and 2015, which requires special attention from the Iranian government in their future planning. Generally speaking, although the average deviation of the fatality rate has been improved by 17.6%, Iranian provinces have not succeeded in reducing the deviation of input variables over the period 2014-2016.
For more discussion, the deviations of input and output variables for the year 2016 are shown in detail in Fig. 11 . As can be noted, there are no deviations for efficient provinces taking into account all input and output variables (Ilam, Alborz, Kohgiluyeh-and-Boyer-Ahmad, and Hormozgan). In addition to the efficient provinces, Fig.  11 .a illustrates that Bushehr and Sistan-and-Baluchistan have also experienced a deviation of less than 10% in terms of PS. As shown in Fig. 11 .a, about 25% of provinces experienced a deviation of more than 50%. It is worth noting that the highest deviation regarding PS variable is related to Khuzestan followed by Kermanshah and Azerbaijan E. Figure 11 .b shows that there is no deviation in RMD for Ardebil, Tehran, Khuzestan, Semnan, and Mazandaran. Apparently, Khuzestan and Mazandaran have experienced no deviation in RMD in contrast to their high deviation in PS. Fig. 11 .c also presents that about 77% of provinces have experienced a deviation of more than 50% in E&V. As illustrated in Fig. 11 .d, about half the provinces have effectively invested in C without any deviation and five provinces have marginally deviated from the ideal position with a deviation of less than 10%.
Although Qom province has received a deviation of more than 50% in C, it has experienced no deviation in EMS (Fig. 11.e) . Tehran, Markazi, and Yazd have also invested in EMS effectively. The deviations of about 22% Iranian provinces from the ideal were more than 50%. Figure 11 .e also shows that, similar to PS and E&V, the deviation of Khuzestan province in EMS is critically high and needs to be reconsidered by the authorities. According to Fig. 11 .f, any deviation from the ideal is observed for twelve provinces while there is a deviation of more than 50% for about 25% of provinces. however, fifteen provinces have significantly deviated from ideal with a deviation of more than 50%. So, it can be stated that although Iranian provinces have generally succeeded in fatality reduction in 2016 compared to 2014 and 2015 (Fig. 10) , output shortfalls are still considerable. In summary, the input excesses, as well as the output shortfalls regarding each province, can be highlighted using Figs. 10 and 11 , respectively. The findings would also be appropriate for the provincial authorities to address safety issues in their future planning.
Conclusions
The DEA models have been recently employed as an effective tool to measure road safety performance worldwide. The existing studies mostly applied the CCR and BCC models for safety measurement, which are on the basis of efficiency ratio and neither considered input excess nor output shortfall. In this respect, the SBM is employed in the current study, which not only measures the efficiency ratio but also takes account of slacks. It is also noted that the safety performance of each DMU (countries, states or provinces) has been previously assessed using the traditional CCR model based only on the efficient frontier, but it can be equivalently measured by taking into account the anti-efficient frontier. To bridge this gap, the present study comprehensively examined Iranian road safety performance using a novel double frontier SBM model taking into account the efficient and anti-efficient frontiers simultaneously. The ER approach was then employed as a suitable method to aggregate the obtained results from both optimistic and pessimistic points of view. This is because of the fact that the additive independence condition may not be satisfied, since both the optimistic and pessimistic efficiency results are computed from the same data source. To evaluate Iranian road safety performance, the input and output variables were selected based on policy relevance and data availability. For this purpose, the RMTO Statistical Yearbook was used as the main source of information. As a result, six input variables, including PS, RMD, E&V, C, EMS, and RLS, and an output variable, FR −1 , were selected for assessing the road safety performance. Analysis of Iranian road safety performance using the proposed DF-SBM-ER illustrates that Alborz ranked 2 nd in the year 2014; meanwhile, it was the most efficient province in 2015 and 2016.
It is certainly crucial for the authorities to examine the strengths and weaknesses of their managerial decisions regarding each province. For this reason, the MPI has been recognized as an appropriate method for further analysis of each province in terms of road safety performance. Although the previous studies, more or less, utilized the optimistic MPI values for assessing DMUs, the current study carried out an in-depth analysis to assess Iranian provinces regarding road safety performance by investigating a novel DF-SBM-MPI, which simultaneously takes into account both efficiency changes and frontier shifts from the optimistic and pessimistic points of view over a period of time. The significant difference between the results obtained from the optimistic and pessimistic MPIs obviously confirms that taking account of the anti-efficient frontier is essential for a more comprehensive analysis of performance changes. The results will also assist the authorities to decide whether the strategic frontier shift is appropriate or not.
On average, the Iranian provinces' productivity in terms of road safety declined with a rate of 13 with a positive rate of around 16%. This means that the main reason for productivity reduction from 2014-2015 is the significant decline in provinces' efficiency, by an average of 25.54%. On the contrary, the Iranian road safety performance technologically regressed, with an average reduction rate of 44 % from 2015-2016; meanwhile, Iranian provinces experienced an improvement in efficiency changes, with an average reduction rate of 13%. Generally speaking, the provinces' productivity in terms of road safety significantly decreased from 2015 to 2016, with a geometric mean rate of about 37%.
Finally, taking into account the period 2014-2016, Iranian road safety declined with a mean rate of about 26%, due to a reduction in efficiency changes (around 8%) as well as a slight negative shift in technology frontier (about 19%).
In brief, the conducted in-depth analysis reveals that Iranian provinces were successful in technical changes from 2014-2015, while from 2015-2016, they effectively improved their efficiencies, which is, of course, admirable. It is also worth mentioning that although the productivity of nine provinces on road safety was generally enhanced from 2014-2015; only five provinces fully a) Optimistic progressed in road safety performance regarding both efficiency and technical changes. It is suggested applying the proposed method in other aspects of transportation management. Using different nonlinear methods of aggregation rather than the ER algorithm would also be an interesting topic for future road safety research. In addition, it is suggested extending the method by using some weight restrictions on input variables. In this regard, some group decision-making methods can be applied to investigate the importance of each variable. Furthermore, proposing a double frontier Assurance Region SBM model can be of interest to the safety experts.
As mentioned earlier, Iranian safety experts suffer from lack of data. Road safety experts around the world are encouraged to conduct a research study based on the proposed method by defining some new input and output variables subject to data availability. They can define input variables such as "barriers to accidents", "traffic calming devices", "police officers or patrol units", "financial resources" (i.e. the amount of money spent on police patrols and highway maintenance) and "manpower"; meanwhile, "the number of seriously injured people" and "the number of road accidents" can also be used to define a new output variable.
As discussed in the literature, a number of studies have been carried out to assess the road safety performance of European countries using DEA models based only on the efficient frontier, which could not lead to a comprehensive assessment. The current study is the first attempt to assess road safety performance by considering the best-practice and the worst-practice frontiers. Since the focus of this study is on the basic characteristics of the proposed method, further applications are suggested as the future direction of the current research. The European countries can apply the proposed approach to assess their road safety performance more comprehensively. The input excesses and the output shortfalls obtained from the slack variables analysis can also provide the European authorities with a deeper insight into the road safety performance. In addition, the DF-SBM-ER can be further used by the European Commission to assess other aspects of transportation such as European rail transport, European air transport, and European maritime transport. 
